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When Pneumococcus  is seeded into plain broth, it is necessary  to use 
a  fairly large inoculum in order to  insure  the initiation of growth. 
The size of this inoculum increases with the amount of medium to be 
seeded; as a rule, 0.01 to 0.1  cc. of a plain broth culture is the minimum 
seeding to be used for 5  cc. of medium.  These inocula contain at 
least 1,000,000 to 10,000,000 cells.  What are the factors which make 
such a large number of cells necessary?  Under what conditions would 
one single cell grow? 
An answer to these questions will probably result in a better under- 
standing of the physiology  of the pneumococcus  cell.  But in addition, 
the preparation of an "ideal"  medium (and no medium is "ideal" which 
does not allow the growth of a single cell) would be of great value in the 
study in vitro  of the bacteriostatic and bactericidal properties of the 
body fluids of immunized and naturally resistant animals.  However, 
the present work was  undertaken to  meet a  purely practical need. 
During the past few years, considerable difficulties  have often been 
encountered in the preparation of media suitable for the growth of 
Pneumococcus.  Many lots  of  broth  were found to  be  unable  to 
support growth even when large inocula were used.  Yet it has been 
observed that when various lots of media are prepared from the same 
meat infusion,  but with the addition of different brands of peptones, 
these various lots differ in their ability to support growth of  Pneu- 
mococcus, depending upon the kind of peptone employed; in  all cases, 
growth would occur, even with very small inocula, provided a sufficient 
amount  of  neutral  cysteine or  thioglycollic  acid  was  added.  It 
seems therefore that the inability to  support growth depends upon 
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some bacteriostatic property of the peptone and that this effect may be 
overcome by the addition of reduced thioacids. 
It is known in a general way that the living cell can greatly affect the 
conditions of its environment.  In particular, it may be recalled that 
pneumococcus  cells  acting  on  certain  metabolites  bring  about  the 
formation of actively reducing substances (1,  2).  If,  however, very 
small inocula be employed, the influence of the reducing  action of the 
bacteria can be considered negligible.  Advantage may be  taken of 
this observation in devising an experimental method for the  study of 
those properties of the medium which affect the initiation of growth. 
Experimental Methods 
Cultures.--All experiments were carried out with a strain of Type II Pneumo- 
coccus (D/39/79) and an R culture derived from Type  II (D/39/R).  Occasionally, 
control experiments were carried out with strains of Type I and Type III Pneu- 
mococcus.  The results being always substantially the same,  only the data ob- 
tained with the Type II strain are presented in this article. 
Unless otherwise stated, the inoculum consisted of 0.0001 ec. of a 12-hour cul- 
ture in plain broth. 
Ingredients Used in the Preparation of Media.--The beef infusion was prepared 
as usual, enriched with 0.03 per cent glucose, adjusted to pH 7.8 and autoclaved. 
"Tryptophane broth" is the commercial name of a dehydrated preparation of 
casein hydrolysed with acid.  Solutions of 1 per cent of this dehydrated medium 
were enriched with 0.03 per cent glucose, adjusted to pH 7.8, and autoclaved. 
Peptone solutions  employed were of 10 per cent concentration; they were ad- 
justed to pH 7.8 and autoclaved. 
The cysteine and thioglycollic acid were autoclaved in neutral 1 per cent solu- 
tions and kept under vaseline seal.  The results reported in this paper were ob- 
tained with thioglycoUic acid; no difference could be noticed between the action 
of the two thiol compounds. 
The oxidized thiol compound used was a product obtained by the auto-oxidation 
of thioglycollic acid (Eastman), in the presence of air, with sodium nitroprusside 
as a  catalyst (in dilute ammonia solution); this product will  be referred to as 
"oxidized thioglycollic acid" although its exact nature is not known since it was 
not obtained in crystalline form. 
The Bacteriostatic Action of Peptones  and  the  Possibility  of Correcting 
It by Means of Reduced Thiol Groups 
It  has  been  shown  previously  (3)  that  the  growth  of very small 
inocula  of  Pneumococcus  in  plain  broth  may  occur  when  cysteine RENI~  DUBOS  333 
hydrochloride or thioglycollic acid is added to  the medium.  Experi- 
ment 1 gives the minimum concentration of thioglycollic acid which is 
necessary for growth to occur. 
Experiment/--Varying amounts of thioglycollic acid were added to different 
portions of the same lot of plain broth (prepared  1 week previous  to use), and 
tubes containing 5 cc. of these media received inocula varying from 0.1  cc. to 
0.0000001 cc. of a plain broth culture of Pneumococcus.  The cultures were in- 
cubated at 37°C. and final readings made after 48 hours incubation. 
The results of Experiment  1  illustrate the fact that,  in  the  plain 
broth under consideration, an inoculum of 0.1 cc. is necessary to obtain 
TABLE  I 
The Influence of Tkioglycollic Acid on the Growth of S,¢nall Inocula of Pneumococcus 
in Plain Broth (Peptone A) 
Final concen- 
tration of 
thioglycoUic 
acid 
(in  per  cent)  10-I  --T 
o 
0.001 
O.O02  ++ 
0.OO5 
0.01  ++ 
0.02 
0.05  + 
Inoculum (co, of pneumococcus  culture) 
10-~ 
++ 
10-a  lO~ 
++ 
10-5 
++ 
10"* 
++ 
++ 
10t  10-* 
+ 
The signs +  and -  refer to the presence or absence of growth after 48 hours 
incubation. 
the growth of Pneumococcus.  However, growth will occur even if the 
inoculum  be  only  0.000001  cc.  in  the  presence  of  0.005  per  cent 
thioglycollic acid.  It is apparent  therefore that plain broth exerts a 
bacteriostatic effect on Pneumococcus and that a concentration of 0.005 
per cent thioglycollic acid can overcome this effect. 
The object of the next experiment  was  to  determine whether  the 
minimum concentration of thioglycollic acid required for the growth 
of small inocula of Pneumococcus would be affected by the  kind of 
peptone used in the preparation of the medium. 334  BACTE1LIOSTATIC ACTION  OF  PEPTONES 
Experiment g.--Media were prepared from the same meat  infusion but with 
different peptones, 2 per cent concentrations being used of either one of the four 
different commercial preparations of peptone designated as A,  B,  C,  and D. 
Amounts of 5 cc. of these media were treated with different concentrations of 
thioglycollic  acid, inoculated with 0.0001 cc. of pneumococcus culture and incu- 
bated at 37°C.  Table II shows the results after 24 hours incubation. 
The results of Experiment 2  indicate that the bacteriostatic  effect 
of the  broth  varies  greatly with  the  different peptones  used  in  the 
preparation of the medium; this is evidence that a  part,  at  least, of 
this bacteriostatic power is to be traced to the peptone. 
TABLE  1I 
The Effect of Using Different Commercial Peptones on the Growth of Pneumococcus 
in the Presence of Varying Concentration of Thioglycollic acid 
Medium: meat infusion with 
Peptone A ................. 
c~  D  ................ 
Final concentration of thioglycoUic acid (in per cent)  010 0110 __  10001000__  I  I  0o__  I 0o__  I lJ+ 
-  +  +  +  +  + 
-  +  +  +  +  + 
+  +  +  +  +  + 
The signs  +  and  -  refer to the presence or absence of growth after 24 hours 
incubation. 
The results also suggest that the amount of thioglycollic acid neces- 
sary for growth to occur might be used as a  measure of the bacterio- 
static action of the peptone. 
The  experiments  that  follow  were  all  performed with  peptone A 
which appears to have the most pronounced bacteriostatic power. 
In order to demonstrate that thioglycollic acid can be used as a meas- 
ure of the bacteriostatic action of the peptone, an attempt was made to 
establish a  quantitative relationship between the amount of peptone 
added  to  the  meat  infusion  and  the  concentration  of  thioglycollic 
acid required to overcome the bacteriostatic action of such media. 
Experiment 3.--Media were prepared from the same meat infusion, but with 
concentrations of peptone (brand A) varying from 0.5 per cent to 4 per cent; these 
media were treated with varying concentrations of thioglycoUic acid, inoculated m~I~DUBOS  335 
with 0.0001 cc. of pneumococcus culture (per 5 cc. of medium) and incubated at 
37°C. 
The results of Experiment 3 indicate that as the concentration of the 
peptone  in  the  medium  increases,  the concentration  of thioglycollic 
acid necessary for growth also increases.  A  more exact relationship 
will  be  obtained  when,  instead  of  the  whole  peptone,  we  use  the 
isolated fraction responsible for the bacteriostatic action (see Experi- 
ment 8).  This indicates that thioglycolUc acid can be used to titrate 
the bacteriostatic power of the peptone. 
TABLE  III 
The Relation between the Concentration of Peptone (Brand A) Used in the Preparation 
of the Broth, and the Concentration of Thloglycollic Acid Required 
for the Growth of Small Inocula of Pneumococcus 
Concentration  Final concentration  of thiog]ycollic  acid (in per cent) 
of peptone A 
(in per cent) 
4 
2 
1 
0.5 
o  L o 1L  o  oo2  1  I 0oo6  .....  0o0100 
-  + 
+ 
+ 
The signs +  and  -  refer to the presence and absence of growth after 48 hours 
incubation. 
It has been suggested previously (3) that cysteine owes its beneficial 
action on the growth of Pneumococcus to its reducing power. 
This  suggestion will be confirmed by comparing  the  effect of the 
oxidized  and  reduced  forms  of  thioglycollic acid  on  the  growth  of 
Pneumococcus in plain broth. 
Experiment 4.--Different portions of plain broth prepared with 1 per cent of 
peptone A were treated with "reduced" and "oxidized thioglycotlic acid."  Amounts 
of 5 cc. of these media were seeded with inocula ranging from 0.1 to 0.00001 cc. of 
pneumococcus culture and incubated at 37°C. 
The  results  of  Experiment  4  indicate  that,  following  oxidation, 
thioglycollic acid becomes unable to correct the bacteriostatic effect 
of the peptone; it may be noted, however, that "oxidized thioglycoUic 
acid" is in no way toxic, as is shown by comparison with the control. 336  BACTERIOSTATIC  ACTION  OF PEPTONES 
Thioglycollic acid therefore appears to owe its activity to the presence 
of reduced thiol groups in the molecule. 
The  Existence  in  Peptone  A  of Substances  Which  Are  Bacteriostatic 
under  Oxidizing  Conditions  and  Not  under  Reducing  Conditions 
It has just been shown that the bacteriostatic power of peptone can 
be corrected b)r treatment with reduced thiol groups.  It is also greatly 
affected by the conditions of oxidation and reduction under which the 
peptone solutions are kept.  This can be shown by the five following 
examples. 
Experiment 5.--a, b, c. Test tubes containing 4.5 cc. of meat infusion received 
0.5 cc. of a 10 per cent peptone solution (at pH 7.8) which  had been autoclaved. 
In preparation a, the peptone solution was used immediately after autoclaving; 
in preparation b, it had been kept for 48 hours at room temperature under aerobic 
conditions; in preparation c it had been kept for 48 hours at room temperature 
under vaseline seal. 
d. The peptone solution which had been kept aerobically for 48 hours (prep- 
aration b) was added to meat infusion and the mixture kept under vaseline seal 
for 2 weeks at room temperature. 
e. A similar mixture (preparation d) which had been kept under vaseline seal 
for 2 weeks  was now transferred to a flask and kept aerobically  for 2 days. 
Test tubes containing 5 cc. of the media (prepared as described under a, b, c, d, 
and e) were inoculated with 0.0001 cc. of pneumococcus  culture and incubated at 
37°C. 
The results of Experiment 5 prove that peptone A used immediately 
after autoclaving, (preparation a), or kept constantly under anaerobic 
conditions (preparation c),  exhibits only a  very slight  bacteriostatic 
power.  On  the  other  hand,  the  same  peptone  solution  becomes 
markedly bacteriostatic following exposure to the air  (preparation b). 
A peptone solution that has become bacteriostatic following exposure 
to the air loses its bacteriostatic effect by incubation under vaseline 
seal in the presence of meat infusion (preparation d); but again becomes 
bacteriostatic following reexposure to the air. 
These facts, as well as the beneficial action of reduced thiol groups, 
point to the existence in peptone A of a  substance which is  bacterio- 
static in the oxidized form, and not in  the reduced form; it can be 
oxidized by atmospheric oxygen and reduced by -SI-I groups and meat 
infusion; this oxidation and reduction appears to be reversible. RE~V~ DVBOS  337 
In the course of these experiments, it was observed that the color of 
the  peptone  A  varies  with  the  different conditions under which  the 
solution is kept.  The solution is dark brown when taken out of the 
autoclave or when kept under vaseline seal.  The color turns  yellow 
TABLE  IV 
The Growth of Pneumococcus in Plain Broth (Peptone A) in the Presence of Reduced 
and Oxidized  Thioglycollic Acid 
Medium 
Plain broth .................................... 
"  "  ÷  0.01 per cent reduced thioglycollic 
acid ......................................... 
Plain broth ÷  0.01 per cent oxidized  thioglycoUic 
acid ......................................... 
Iaoculum(cc.) 
ao-1  [  lo"  [  lo-'  t  lo~  I  to~ 
+  +  +  +  + 
+l+l-I-I- 
The signs  ÷  and  -  refer to the presence or absence  of growth after 48 hours 
incubation. 
TABLE  V 
Effect of Maintaining Peptone Solutions  under Oxidizing and Reducing Conditions 
on the Bacteriostatie Effect of Media Prepared with Them 
Media* 
Preparation  a ..................... 
~c  b ..................... 
6 ...................... 
Final concentration of thloglycolllc  acid (in per cent) 
0  0.0005  0.001  0.002  0.003  0.004  0.005 
-Z---U-;-  + 
_  _  ÷  +  +  +  + 
-  + 
+ 
* The media referred to as preparations a, b, c, d, and e are described in the text. 
The signs  -4- and  -  refer to the presence or absence of growth after 48 hours 
incubation. 
on the contrary under aerobic conditions.  The yeUow color could be 
changed again  to  the  darker by treatment with  thioglycollic acid or 
cysteine.  In other words, the darker color corresponds to the reduced 
non-bacteriostatic  form of the  peptone  solution, whereas  the  yellow 
color corresponds to the oxidized-bacteriostatic form. 338  BACTERIOSTATIC ACTION OF PEPTONES 
It was tempting to suppose that the chromogenic fraction responsible 
for the change in color was associated  with  the bacteriostatic  agent, 
and an attempt was made to fractionate peptone A  on the basis of this 
assumption. 
Isolation  of the  Fraction  of Peptone  A  Containing  the  Bacteriostatic 
Substance 
Different agents were used in  an attempt to isolate the  chromogenic 
fractions of peptone A  (extraction and precipitation with HC1,  NaOH, 
(NH0~SO4,  copper salts,  trichloracetic  acid,  alcohol,  acetone,  ether). 
The best results were obtained with the following procedure. 
200 gm. of peptone were dissolved in 1000 cc. of tap water and autoclaved. 
On the following day, the solution was treated with 15 cc. of concentrated hydro- 
chroric acid.  A heavy precipitate formed rapidly and was separated by filtration 
or centrifugalization.  This dark green precipitate will be designated as fraction 1. 
The filtrate (or supernatant) was made alkaline with 20 cc. of 40 per cent sodium 
hydroxide and 1000 cc. of acetone was added to the solution.  A lighter precipitate 
of a greyish color separated and was designated as fraction 2. 
A further amount of 1050 cc. acetone was added to the supernatant;  a  dark 
yellow (resin-like)  material was seen to run down the walls of the container and 
could be separated in a separatory funnel.  This will be designated as fraction 3. 
After removal of this "yellow fraction," 3 liters of acetone were again added and 
a heavy white floculum was formed.  This will be designated as fraction 4. 
The remaining acetone solution was still slightly pigmented yellow; although 
it was found possible to separate this new pigment in very alkaline  solution,  no 
attempt was made to separate it on a large scale.  The bulk of the solution was 
evaporated down and designated as fraction 5. 
Each one of the 5 fractions was made up to 2 liters  (corresponding therefore 
to a 10 per cent solution of peptone) and adjusted to pH 7.8.  Fraction I appeared 
then  as  a  dark  green  solution  somewhat  cloudy.  Fraction  2  gave  a  greyish 
suspension,  little  soluble  in  water,  and  which  settled  somewhat  on  standing. 
Fraction 3 gave a perfectly dear, but very dark yellow solution.  Fraction 4 gave 
a limpid solution with a very slight yellow tinge (due probably to a contamination 
with the preceding fraction).  Fraction 5 gave a dear, slightly yellow solution. 
5 cc. amounts of these different fractions were treated with 0.5 cc. of 1 per cent 
thioglycollic acid.  Within half an hour (at room temperature), fraction 1 began 
to change color, turning first to a brown-yellow, then to a dark brownish color. 
The other fractions remained unchanged.  It is therefore apparent that fraction 1 is 
responsible for the change in color observed in the peptone following oxidation and 
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It was also observed that following the addition of 0.1 cc. of a 3 per cent solu- 
tion of potassium cyanide, fraction 1 turned whitish while the other fractions were 
not affected. 
The object of this experiment was to determine which of the fractions 
were responsible for the bacteriostatic action of peptone A. 
Experiment 6.--Media were prepared by the addition of 0.5 cc. of the different 
fractions and of whole peptone (10 per cent solution)  to 4.5 cc. of meat infusion. 
These media were treated with different  concentration of thioglycollic  acid and 
inoculated with 0.0001 cc. of a pneumococcus culture. 
TABLE  VI 
Tke Bacteriostatic  Effect on Pneumococcus of Media Prepared by the Addition to Meat 
lnfusion of Different Fractions of Peptone A 
Medium containing 
Fraction 1  .................. 
~  2 ................. 
c~  3 ................. 
Lc  5  ....  •  ............ 
Whole peptone  ............. 
Final concentration of thioglycollic acid (per cent) 
0 
+ 
0.00t 
+ 
+ 
+ 
0.002  0.003 
+  ; 
+ 
+  + 
0.004 
+ 
+ 
+ 
+ 
0,005 
+ 
+ 
+ 
+ 
The signs +  and  -refer to the  presence or absence of growth after 48 hours 
incubation. 
It is apparent from the results of Experiment 6  that fractions 2,  3 
and 4  of peptone A  can  support the  growth of Pneumococcus when 
added  to  meat  infusion--ancl  do  not  exhibit  any  bacteriostatic  effect. 
The absence of growth with fractions 1 and 5 may be attributed to the 
lack of some factor essential to growth or to  the bacteriostafic action 
of  these  fractions.  This  question  is  the  subject  of  the  following 
experiment. 
Experiment 7.--A medium was prepared by the addition of  15 cc. of fraction 
4  to  135  cc.  of meat  infusion.  To  tubes  containing  5  cc.  amounts  of  this 
medium was added 0.5 cc. of peptone solution  (10 per cent),  of fraction 1 or of 
fraction 5 along  with different  concentrations of thioglycollic acid.  The tubes 
were then inoculated with 0.0001 cc. of pneumococcus  culture and incubated at 
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The  results  of  ExPeriment  7  demonstrate  that  practically all  the 
bacteriostatic action of the peptone is due to fraction 1 and only to  it. 
In all these experiments,  thioglycollic has been used as a  reagent for 
titrating the bacteri0static  action of the materials under consideration. 
In fact, it has been  found in  Experiment 3  that the amount of thio- 
glycollic acid required to initiate growth of small inocula increases with 
the concentration of peptone in the medium.  The subject of Experi- 
ment 8  was to  determine whether a  more exact relationship  could be 
obtained between the amount of fraction  1 added to the medium and 
that of thioglycollic acid required to overcome its bacteriostatic action. 
Experiment 8.--Attention must be called to two modifications introduced in the 
experimental procedure.  Meat  infusion  is  known  to  possess  a  high  reducing 
TABLE  VII 
The Bacteriostatic Action of Fraction 1 of Peptone A 
Medium: meat infusion with 
Fraction 4 ........................ 
"  4 -[- fraction 1  ........... 
"  4 A- fraction 5 ........... 
Whole peptone ................... 
Concentration of thioglycollic  acid (per cent) 
0  0•000•  0•002  •  0•00•  •  0•0•  •  0•02  0••• 
=l_+/_+t++t++f++l  +  + 
The signs +  and  -  refer to the presence or absence of growth after 48 hours 
incubation. 
capacity and it is likely that it would thus interfere with the establishment of the 
quantitative relationship between fraction 1 and thioglycollic  acid.  Tryptophane 
broth on the contrary has very little reducing capacity; it can support the growth 
of Pneumococcns when added to fraction 3 of peptone.  It was therefore used 
instead of meat infusion in this experiment. 
The other modification was devised in view of the fact that the fraction 1, after 
being reduced by thioglycollic acid, may be reoxidized  by atmospheric oxygen. 
This was prevented by incubating the culture under vaseline seal. 
Varying amounts of fraction 1 were added to test tubes containing 4.5  cc. of 
medium consisting of tryptophane broth and fraction 3; these media were treated 
with different concentrations of thioglycollic  acid, inoculated with 0.0001 cc.  of 
pneumococcus culture and incubated under vaseline seal. 
Table VIII brings out the close proportionality between the concen- 
tration of fraction  1  in  the medium  and  the  amount of thioglycollic gE~,r~  DUBOS  341 
TABLE  VIII 
Titration  of the Bacteriostatic Fraction of Peptone A by Means of Thioglycollic Acid 
Amount 
of fraction 1 
added to the 
medium 
(in per cent) 
0 
0.2 
0.5 
1.0 
2.0 
0 
+ 
Final concentration of tMoglycollic acid (in per cent) 
0.0005  0.001 
+  + 
+  + 
0.002 
+ 
+ 
0.005 
-T+ 
+_ 
0.01  0.02 
+ 
+ 
+ 
+ 
+ 
The signs +  and  -  refer to the presence or absence of growth after 48 hours 
incubation. 
TABLE  IX 
The Effect of Potassium Cyanide on the B~teriostatlc Properties of the Fraction 1 of 
Peptone A 
Medium: meat infusion with 
Fraction 4 ..................................... 
KCN +  fraction 4 ............................. 
Fraction 1 +  fraction 4 ......................... 
KCN +  fraction 1 +  fraction 4 .................. 
Final concentration of thioglycollic acid 
(in per cent) 
0.0005  0.002  0.005  0.01 
+1  +  ITI-+---- 
+  +  +  + 
+-7-++ 
0.02 
+ 
+ 
+ 
+ 
TABLE  X 
The Growth of Pneumococcus in Media Prepared with Whole Peptone and 
"Purified Peptone" 
Materiah added to meat infusion 
Whole peptone  .................... 
Purified peptone  ................... 
Fraction 1 ........................ 
Purified peptone +  fraction 1 ....... 
Final concentration of thioglycollic acid (in per cent) 
0  0.0001 0.0002  0.005  0.01  0.02  0.05 
!!!!!+ 
+ 
The signs +  and  -  refer to the presence or absence of growth after 48 hours 
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acid required for growth to develop.  This relation, however, does not 
apply when very small concentrations are used. 
It has been mentioned previously that, when treated with potassium 
cyanide,  the green pigment  rapidly becomes whitish.  Experiment 9 
demonstrates that fraction 1 loses at the same time its bacteriostatic 
properties. 
Experiment 9.--A medium was prepared by the addition of 10 per cent of frac- 
tion 4 to meat infusion.  Test tubes containing 5 cc. of this medium received 0.5 
cc. of fraction 1, or 0.02 cc. of 3 per cent KCN, or both.  They were then treated 
with  different concentrations of thioglycollic  acid,  inoculated with 0.0001 cc. 
of pneumococcus culture and incubated at 37°C. 
The results of Experiment 9 show  that the bacteriostatic properties 
of fraction 1 Call be removed by treatment with potassium cyanide. 
The preceding experiments suggest that a solution of peptone A  from 
which the green bacteriostafic fraction has been removed should supply 
a  satisfactory medium when added to meat infusion. 
Experiment IO.--A  10 per cent solution of peptone A was treated with the 
proper amount of concentrated HC1 to precipitate fraction 1.  This fraction was 
then made up to the original volume of the peptone solution and adjusted to pH 
7.8. 
The peptone solution from which fraction 1 had been removed appeared as  a 
yellow fluid which  was also adjusted to pH 7.8.  This second fraction will  be 
designated as "purified peptone." 
These two solutions were added in amounts of 0.5 cc. to 4.5 cc. of meat infusion 
as described in Table X  and the media treated with different concentrations of 
thioglycollic acid.  The tubes were inoculated as usual with 0.0001 Cc. of pneu- 
mococcus culture and incubated at 37°C. 
The results of Experiment I0 demonstrate that by acid precipitation, 
one  can  remove almost  completely the bacteriostafic properties of a 
solution of the commercial peptone A. 
DISCUSSION 
The facts recorded in this  article seem  to  warrant  the  conclusion 
that there exists in commercial peptones a  substance  (or substances) 
which  may  exert  a  bacteriostatic  action  on  the  growth  of  certain 
organisms.  Its action in plain broth is well demonstrated by the lack RE~  D~rBOS  343 
of growth of small inocula of Pneumococcus under ordinary conditions. 
When, on the contrary, the same medium is prepared with peptones 
from which the bacteriostatic substance has been removed, or when the 
bacteriostatic effect has been corrected by reduction, inocula consisting 
of only one or a very few cells are sufficient to initiate growth. 
The  bacteriostatic  substance  is  heat  stable  and,  in  the brand of 
peptone which has been studied, it is associated with a certain fraction 
obtained by acid precipitation; this fraction is pigmented, and changes 
color upon oxidation and reduction; the bacteriostatic property of the 
same peptone fraction is also controlled by conditions of oxidation and 
reduction.  But we have no other evidence that the chromogenic sub- 
stance and the bacteriostatic substance are one and the same thing. 
Concerning the mode of action of this substance, we have at least 
an excellent clue; it is bacteriostatic only under oxidizing conditions, 
not  at  all  under  reducing  conditions.  In  this  respect,  it  behaves 
similarly to some dyes previously studied (indophenols,methylene blue, 
gallocyanine/which are bacteriostatic in the oxidized form, but not in 
the reduced form (3). 
Methylene blue has been found to  be bacteriostatic for Pneumo, 
coccus in concentrations as low as 0.00003  molar.  There is as yet no 
direct way of measuring at  what  minimum concentration the bac- 
teriostatic  substance  of  peptone  exerts  its  activity,,  but  some con- 
ception  can be  gained by an indirect  method.  As already shown, 
there exists a certain quantitative relationship between the amount of 
bacteriostatic substance and the  concentration of  thioglycollic acid 
which can overcome its  action.  In  certain experiments, it has been 
sufficient to add as little as 0.0003 per cent of this thiol compound to 
allow  the  growth  of an  inoculum which would not  have otherwise 
developed; the molecular  weight of thioglycollic acid being 92,  one 
sees that the molar concentration is of the same order as that found in 
the case of methylene blue.  Expressed in other terms, this means that 
the addition of 0.000003  gm. of thioglycollic acid  per cubic centimeter 
of medium may determine whether growth will take place or not.  These 
concentrations are of the order found in catalytic reactions, and one 
may well wonder whether the bacteriostatic substance of the peptone 
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does not act as anticatalyst in some phase of the metabolism of the 
cell. 
Whatever the mechanism of its action may be,  this substance is 
active in extremely small amounts.  We have evidence of organisms 
which are much more sensitive to  it  than  the  ordinary strains  of 
Pneumococcus.  It will be worth while to study the r61e of such sub- 
stances in  determining whether a  bacterial species  is  "aerobic"  or 
"anaerobic," whether it is "easy" or "hard" to grow. 
The growth of large  inocula of  Pneumococcus in plain broth,  as 
compared with the lack of development of smaller inocula,  is  now 
readily understood.  It  has  been shown  (1,  2)  that  pneumococcus 
cells, when in the presence of certain metabolites, give rise to a very 
actively reducing system; this system is able to reduce (and therefore 
inactivate)  the  bacteriostatic  substance  of  the  peptone  and  thus 
renders the medium suitable for the development of growth. 
The  significance  of  the  facts  presented in  this  article may well 
transcend their importance for the growth of Pneumococcus in artificial 
media.  One wonders whether there do not exist in tissues mechanisms 
similar to the one described, which would render impossible the multi- 
plication of bacteria under normal conditions of oxidation.  If, how- 
ever, local reducing conditions were to  develop, is it not possible that 
bacterial invasion of the tissues would then be facilitated?  It is well 
to remember, in this respect, that  the peptones under consideration 
were probably prepared  from materials  of  animal origin.  In  fact, 
tryptic digest broth and peptic  digest broth prepared from beef were 
also found to exhibit some bacteriostafic properties, but this  action 
was demonstrable only under aerobic conditions. 
SUMMARY 
There arc present in commerdal peptones substances which exhibit 
bacteriostatic properties for certain bacterial species.  These sub- 
stances arc bacteriostafic  in the oxidized form, but not in the reduced 
form.  Their bactcr]ostatic  action can be overcome, and their con- 
centration titratcd,  by the addition of reduced thiol  compounds to the 
media in which they arc present. 
Different  brands of peptone differ  greatly  in the amount of bactcrio- 
static substances they contain; these differences  account, in part at gEN~  DVBOS  345 
least, for the fact that media prepared from the same meat infusion, 
but with different kinds of peptone, vary in their ability to support 
bacterial growth. 
The  bacteriostatic  fraction  of  a  certain  peptone solution can  be 
completely removed by precipitation with acid and acetone.  A  pep- 
tone which has thus been purified becomes capable of supporting the 
growth of very small inocula  of Pneumococcus. 
The significance of the sensitiveness of certain  bacterial  species  to 
substances  which are bacteriostatic in  the oxidized but  hot  in  the 
reduced form is  considered with reference to  (a)  the  mechanism of 
bacteriostasis,  (b)  the growth of bacterial species in artificial media, 
(c) the problem of infection. 
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